Daudzgadîgâs airenes mutantam ar palielinâtu spçju veidot sânu dzinumus tika salîdzinâta gçnu ekspresija galvenajâ un sânu dzinumos. Atrasti daþi kandidâtgçni, kas varçtu bût atbildîgi par sânu dzinumu veidoðanos.
INTRODUCTION
Lolium spp. are important forage and turf grasses, grown over a wide territory in Europe and used mainly as pasture, hay crop or ground cover. Perennial ryegrass (Lolium perenne L.) has a high yield of superior quality and fast establishment, but however, the persistency is moderate. One of the primary objectives in breeding for agricultural use is to improve axillary tillering to improve persistency of perennial ryegrass (Wilkins, 1991) . Breeding for high yield has led to a tendency in modern perennial ryegrass genetic lines towards swards having a lower density of larger tillers. However, persistency of perennial ryegrass depends on the equilibrium between relative rate of tiller initiation and tiller death (Bahmani et al., 2000) .
Plant architecture evolution has played a central role in the morphological diversification of plant species, although relatively little is known about its molecular basis. Only a small number of genes that control plant architecture have been identified (Ehrenreich et al., 2007) , the best known example being the maize teosinte branched 1 (tb1) gene (Doebley et al., 1997) . A TCP class transcription factor, tb1, is responsible for reduced tillering in maize, compared to that in teosinte (Clark et al., 2006) . Developmental regulation of branching, one component of shoot architecture, occurs at several levels, including (i) node patterning, (ii) meristem determination, and (iii) axillary meristem elongation. Shoot branches arise from axillary shoot meristems, which form in the axils of leaves on the primary shoot axis (Ward and Leyser, 2004) . Several genes are known to control node patterning, such as LATERAL SUPPRESSOR (LAS) (Greb et al., 2003) and SHOOT MERISTEMLESS (STM) (Long et al., 1996) in Arabidopsis thaliana. The meristem identity was shown to be determined by TERMINAL FLOWER 1 (TFL1) (Bradley et al., 1997) and branch elongation is regulated by numerous phytohormones, such as auxin, cytokinin, and abscisic acid (Ward and Leyser, 2004) as well as various hormone signalling genes, such as Auxin resistant 1 (AXR1) (Stirnberg et al., 1999) .
Most of these genes were identified in model plant Arabidopsis thaliana and little is known about the molecular control of axillary tiller formation in forage grasses. In order to fill this gap in knowledge, a PCR-based suppression subtractive hybridisation (SSH) technique was used to identify differentially expressed genes in the primary and axillary tillers of perennial ryegrass mutant VIROIZ with enhanced axillary tillering.
MATERIALS AND METHODS
Plant material was collected from VIROIZ, a mutant of perennial ryegrass with enhanced axillary tillering (Pasakinskiene, 2005) . Vegetative clones were grown in a peat : soil mixture of 1 : 1 in pots in a greenhouse. Plant material was collected at flowering stage from of primary and axillary tillers, frozen in liquid nitrogen and then kept at -80 o C. Frozen samples were ground in liquid nitrogen. Total RNA was isolated as described previously with minor modifications (Ausubel et al., 2002) . The quantity and quality of the total RNA was examined by spectrophotometry and gel electrophoresis, respectively. mRNA was purified from the total RNA with Oligotex mRNA Midi Kit (QIAGEN). The concentration of mRNA was determined on Gene Quant II (Pharmacia). 2 µg of mRNA was used for suppressive subtractive hybridisation with the Clontech PCR-Select cDNA Subtraction Kit (BD Biosciences Clontech). Forward-and reverse-subtracted cDNA fragments were inserted into TOPO PCRII vectors and transformed into TOP10 chemically competent E. coli cells (both Invitrogen). One hundred and ninety two cDNA clones were randomly selected from each of the forward and reverse SSH libraries. These clones, freshly grown overnight at 37 o C, were used for plasmid isolation with Montage Plasmid Miniprep HTS 96 Kit (Millipore). Three hundred ten plasmid inserts were sequenced with a MegaBACE 1000 automated capillary sequencer (Molecular Dynamics). Sequencing reactions were prepared with a DYEnamic™ ET Dye Terminator Kit (GE Healthcare). The raw sequences were manually edited to remove vector and SSH adaptor fragments. These trimmed sequences were then annotated by performing sequence similarity searches against the NCBI nr database using the BLASTN programme with a cutoff e-value of 1 × e -5 .
RESULTS
Forward and reverse subtractions were conducted using primary and axillary tillers of perennial ryegrass mutant VIROIZ. A total of 310 expressed sequence tags (ESTs) were obtained (Table 1 ). The average EST sequence length were 249 nt and varied from 30 to 508 nt. Sequences obtained from forward subtraction were in general slightly shorter than sequences from reverse subtraction, 227 and 268 nt, respectively. Sequence analysis identified 249 nonredundant sequences and the rest 61 ESTs with multiple copies. Only a few ESTs had three or four copies in the library while the majority of the redundant sequences were represented by only two copies. The level of redundancy between forward and reverse subtracted libraries was very low. Only one sequence assigned as "ADP-ribosylation factor" (GenBank NP_196971.1) was present in both forward and reverse subtractions as double copies, LIA144, LIA147 and LIA423, LIA425, respectively.
Putative function was assigned to 152 ESTs by comparing sequences with publicly available databases of NCBI. The remaining 97 ESTs had no sequence similarity matches to any of the known databases. 57 forward subtraction and 95 reverse subtraction sequences were assigned to putative function. Several ESTs were selected as potential candidates for the control of axillary tiller formation (Table 2) . RUB1 conjugating enzyme (AF469491) and BIG protein (NP_186875) were shown to play a role in auxin response regulation, SHOOT1 protein (AF349572) with fasciation mutation in soybean (Glycine max L.), and brassinosteroid LRR receptor kinase (BAC07439) in brassinosteroid signalling.
DISCUSSION
Several techniques are available for isolation of differentially expressed genes: differential display (Liang and Pardee, 1992) , enzymatic degradation subtraction (Zeng et al., 1994) , representational difference analysis (RDA) (Lisitsyn et al., 1993) and serial analysis of gene expression (SAGE) (Velculescu et al., 1995) . In this study, we chose a PCRbased suppression subtractive hybridisation (SSH) technique, which has been shown to be both simple and efficient for generating cDNAs highly enriched for differentially expressed genes of both high and low abundance (Diatchenko et al., 1996) . The efficiency of SSH can be evaluated by its ability to identify non-redundant and, more importantly, differential sequences between samples. Ji et al. (2002) have suggested an assumption, based on a theoretical model of SSH, that SSH PCR would be highly ineffective in profiling gene expression changes where small changes in gene expression are more likely to be physiologically relevant. They calculated that the target mRNA must be at least 0.1 % of the total mRNA for effective enrichment by SSH PCR, and thus, genes in low abundance, such as transcription factors, cytokines and receptors, would not be detected by this method (Ji et al., 2002) . However, it was shown earlier, that a 1,000-to 5,000-enrichment for rare (several molecules per cell) cDNAs can be achieved in a single round of SSH procedure (Diatchenko et al., 1996) . In our study 80% (249 out of 310) of ESTs obtained were nonredundant. Only a few ESTs had three or four copies in the library, while the majority of redundant sequences were represented by only two copies. Furthermore, forward and reverse SSHs were very "accurate" in identification of differentially expressed genes. Only one sequence, assigned as "ADP-ribosylation factor" (GenBank NP_196971.1), was present in both forward and reverse subtractions. Similar results were obtained in other experiments where only one of 62 subtracted clones represented redundant sequences (Diatchenko et al., 1996) .
In flowering plants, the shoot apical meristem (SAM) is ultimately responsible for post-embryonic development of the primary shoot architecture. However, lateral meristems also play an important role in determining the final morphology of the above-ground part of the plant. The activity of lateral meristems is controlled by a wide range of developmental, environmental and genetic factors, where phytohormone signalling plays a central role in mediating these factors (Leyser, 2003) .
The role of auxin in inhibiting shoot branching is well known. A major site for auxin synthesis is at the primary shoot apex, from which it is transported down the plant in the polar transport stream. Auxin moving in this way inhibits shoot branching (Ljung, 2001 ). We have identified two genes involved in auxin signalling in other species. RUB1 conjugating enzyme (AF469491) was shown to be involved in auxin-controlled gene expression in Arabidopsis thaliana. This enzyme is part of the Aux/IAA complex and acts as a key component of the ubiquitin-mediated proteolytic pathway (Kepinski and Leyser, 2002) . The second gene (NP_186875), named BIG, encodes auxin transport protein which is also involved in cytokinin, gibberellin, abscisic acid, ethylene and brassinosteroid signalling (Kanyuka et al., 2003) . Brassinosteroid LRR receptor kinase (BAC07439) from Oryza sativa was one more gene from brassinosteroid signaling pathway identified in SSH library. Brassinosteroids have a wide spectrum of physiological effects, including promotion of cell elongation and division, enhancement of tracheary element differentiation, retardation of abscission, enhancement of gravitropicinduced bending, promotion of ethylene biosynthesis, and enhancement of stress resistance, as reviewed by Clouse and Sasse (1998) . Mutant plants that are defective in BR biosynthesis or signaling display characteristic phenotypes including dwarfism, curled leaves, male sterility, and light-grown morphology in the dark (He et al., 2005) . SHOOT1 protein (AF349572) has also been shown to be associated with abnormal shoot development in soybean (Glycine max). It was mapped to the locus responsible for fasciation mutation, which causes strong apical dominance in the mutant and suppresses development of axillary buds and forms a branchless phenotype. Floral production occurs at the shoot apices and results in a pod-set pattern resembling cauliflower (Karakaya et al., 2002) .
A large number of the genes involved in axillary tiller formation in this study encode unknown proteins, indicating that further analysis is required to assign putative functions to these genes. The derived ESTs are included in the set of 4224 cDNAs to produce the Lolium perenne derived cDNA microarray. Microarray hybridisations will be further employed to study control of axillary tiller formation in perennial ryegrass.
